metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

frans-Bromido(pyrimidinyl-AcC 5 )bis- 
(triphenylphosphane-/cP)palladium(ll) 

Hsiao-Fen Wang, a Weng-Feng Zeng, b Gene-Hsiang Lee c * 
and Kuang-Hway Yih d * 

a Department of Hair Styling and Design, Hungkuang University, Shalu 433, 
Taichung, Taiwan, b Department of Applied Cosmetology, National Tainan Institute 
of Nursing, Tainan City 700, Taiwan, instrumentation Center, College of Science, 
National Taiwan University, Taipei 106, Taiwan, and d Department of Applied 
Cosmetology, Hungkuang University, Shalu 433, Taichung, Taiwan 
Correspondence e-mail: ghlee@ntu.edu. tw, khyih@sunrise.hk.edu.tw 

Received 1 1 November 201 1 ; accepted 1 8 November 201 1 

Key indicators: single-crystal X-ray study; T = 1 50 K; mean cr(C-C) = 0.008 A; 
R factor = 0.052; wR factor = 0.132; data-to-parameter ratio = 18.7. 



In the title complex, [PdBr(C4H 3 N 2 )(C 18 H 15 P) 2 ], the geometry 
around the Pd atom is distorted square-planar with the Pd 
atom displaced by 0.0334 (14) A from the BrP 2 C plane. The 
two Ph 3 P ligands are in trans positions, defining a P— Pd— P 
angle of 171.78 (5)°, while the pyrimidinyl and bromide 
ligands are trans to each other [C— Pd— Br = 174.63 (14)°]. 



Experimental 

Crystal data 

[PdBr(C4H 3 N 2 )(C 18 H 15 P) 2 ] 

M, = 789.93 

Monoclinic, P2 l /c 

a = 15.0953 (10) A 

b = 12.0379 (8) A 

c = 19.8066 (13) A 

/3 = 109.7481 (13)° 

Data collection 

Bruker SMART APEX CCD area- 
detector diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
T min = 0.563, T m „ = 0.808 



Refinement 

R[F 2 > 2a(F 2 )] = 0.052 

wR(F 2 ) = 0.132 

S = 1.01 

7764 reflections 



V = 3387.5 (4) A 3 
Z = 4 

Mo Ka radiation 
ii = 1.85 mm -1 
T = 150 K 

0.35 x 0.20 x 0.12 mm 



19582 measured reflections 
7764 independent reflections 
5553 reflections with / > 2a(l) 
R iM = 0.079 



415 parameters 

H-atom parameters constrained 
A/w = 0.87 e A" 3 
Apmh>= -0.98 e A~ 3 



Data collection: SMART (Bruker, 2007); cell refinement: SAINT 
(Bruker, 2007); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

We thank the National Science Council of the Republic of 
China for financial support (NSC100-2113-M-241-001-MY3). 



Related literature 

For reactions in organic synthesis that form C— C bonds, see: 
Steffen et al. (2005); Beeby et al. (2004); Chin et al. (1988); 
Dobrzynski & Angelici (1975). For Pd— C(carbene) bond 
lengths, see: Cardin et al. (1972) and for Pd— Br bond lengths, 
see: Yih & Lee (2008); Yih et al. (2009). For related structures 
of pyrimidinyl-metal complexes, see: Hong et al. (2002). 




Ph 3 P— Pd-PPh 
Br 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BG2434). 
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^f*a«s-Bromido(pyrimidinyl-/cC 5 )bis(triphenylphosphane-ft:/ , )palladium(II) 
H.-F. Wang, W.-F. Zeng, G.-H. Lee and K.-H. Yih 

Comment 

Palladium-complexes catalyzed formation of C — C bonds are some of the most important reactions in organic synthes- 
is (Dobrzynski & Angelici, 1975). Intramolecular reductive elimination of Pd — N binuclear complex [Pd(u-C9H6N)(u- 
dppm)]2(Cl)2 yielding the organic compound 2,2'-biquinoline has been reported (Chin et al., 1988). A pyridyl-bridged palla- 
dium complex was reported as an effective precatalyst for the Suzuki cross-coupling reactions of a variety of organoboronic 
acids and aryl bromides (Beeby, et al, 2004). Pyrimidinyl nickel complexes have been used as catalysts for C — C coupling 
reactions (Steffen et al., 2005). To our knowledge, no 3,5-pyrimidinyl palladium crystal structure has been described so far. 

To synthesize the pyrimidinyl metal compound, [Pd(PPli3)4] was used to react with 5-bromopyrimidine in dichlorometh- 
ane at room temperature. As a result, a two triphenylphosphine displaced complex [Pd(Br)(C4H3N2)(PPli3)2] was isolated 
with 97% yield. The X-ray crystal structure analysis has been carried out to provide structural information. 

The molecular structure of the title compound is shown in Fig. 1 . The palladium atom has a distorted square planar 
environment, being displaced by 0.0396A from the least-squares plane and with all angles about the Pd center within ± 

2.6° of 90°. The Pd — CI bond distance, 2.000 (5) A, is longer than other Pd II -carbon(carbonyl) distances, and similar to 
Pd — C(carbene) distances (Cardin et al., 1972). Two PPI13 ligands are in trans position: PI — Pd — P2, 171.78 (5)°, while the 
pyrimidinyl ligand and bromide are trans to each other: CI — Pd — Br, 174.63 (14)°. The phosphorus atoms approach tetra- 
hedral geometry as expected. The largest angular deviation from ideal tetrahedral geometry is 119.31 (16)° for C5 — PI — Pd. 
The mean Pd — N distance (> 4.25A) indicates no bonding interaction between the nitrogen atom and the palladium metal 
atom. Within the pyrimidinyl ligand itself, the geometry is consistent with a significant partial double bond character in 
the C — C and C — N bonds. The C — N bond distances (1.3 15 (7) -1.351 (6) A) are typical for a C — N bond having partial 
double bond character and are certainly much shorter than the normal C — N (1.47 A) single bond. The Pd — CI (2.000 (5) 
A), Pd— P (2.3175 (13), 2.3325 (13) A) and Pd— Br (2.4907 (6) A) lengths are in agreement with reported values (Yih et 
al, 2008, 2009). 

TThe 31 P{ 1 H} NMR spectra of (I) shows a singlet resonances at 5 24.2. In the l R NMR spectra, the 2,6-H and 4-H 

1 1 1 

protons of the pyrimidinyl group exhibit two sing let resonances at 5 7.75 and at 5 8.05. The 1J C{'H} NMR spectra of (I) 

reveals two singlets at 8 151.9 and at 5 161.4 which are assigned to the 4-C and 2,6-C carbon atom of the pyrimidinyl group. 

2 

There is a triplet resonance at 5 154.4 ( Jp q = 5.91 Hz), which is assigned to the 1-C of pyrimidinyl group. In the FAB 

mass spectra, base peak with the typical Pd isotope distribution is in agreement with the [M + ] molecular mass of (I). 

Experimental 

The synthesis of the title compound (I) was carried out as follows. CH2CI2 (20 ml) was added to a flask (100 ml) containing 
Pd(PPli3)4 (1.155 g, 1.0 mmol) and 5-Bromopyrimidine (0.191 g, 1.2 mmol) at ambient temperature. The mixture was 
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stirred for about 1 day. The solvent was concentrated to 10 ml, and 20 ml of diethyl ether was added to the solution. The 
yellow solids were formed which were isolated by filtration (G4), washed with n-hexane (2x10 ml) and subsequently dried 



under vacuum yielding 0.774 g (97%) of \Pd(P¥h 3 ) 2 (C A H 3 N 2 )M, ©■ Spectroscopic data: n P{ l U} NMR: 5 24.2 (s, PPh 3 ). 
l U NMR: 5 7.27-7.70 (m, 30H, 2PPh 3 ), 7.75 (s, 2H, 2,6-H of pyrimidinyl), 8.05 (s, 1H, 4-H of pyrimidinyl). l3 C{ l R} 
NMR: 5 128.3 (m, o-C of Ph), 130.2 (m^-C of Ph), 134.5 (m, m-C of Ph), 151.9 (s, 4-C of pyrimidinyl), 154.4 (t, 1-C of 
pyrimidinyl, 2 J P _ C = 5.91 Hz), 161.4 (s, 2,6-C of pyrimidinyl). MS (FAB, NBA, m/z): 789 709 [M + - Br], 630 [M + 
- Br - pyrimidinyl]. Anal. Calcd. for C4oH 33 BrN 2 P2Pd: C, 60.82; H, 4.21; N, 3.55. Found: C, 60.94; H, 4.31; N, 3.18. 



H atoms were positioned geometrically and refined using a riding model, with C — H = 0.95A and with (7i S0 (H) =1.2 times 



Refinement 



Figures 




Fig. 1 . The molecular structure of (I), with 50% probability displacement ellipsoids. 



frans-Bromido(pyrimidinyl-KC 5 )bis(triphenylphosphane- KP)palladium(ll) 



Crystal data 



[PdBr(C 4 H 3 N 2 )(C 18 H 15 P) 2 ] 



^(000) = 1592 

D x = 1.549 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 1845 reflections 

6 = 2.7-21.4° 



M,-= 789.93 



Monoclinic, P2\lc 
Hall symbol: -P 2ybc 



a = 15.0953 (10) A 
b= 12.0379 (8) A 
c= 19.8066 (13) A 
(3= 109.7481 (13)° 
V= 3387.5 (4) A 3 
Z=4 



|i = 1.85 mm 
T= 150 K 
Block, colourless 



0.35 x 0.20 x 0.12 mm 



Data collection 



Bruker SMART APEX CCD area-detector 
diffractometer 



7764 independent reflections 



Radiation source: fine-focus sealed tube 



5553 reflections with / > 2a(l) 
fltat = 0.079 

©max ~ 27.5 , 0 m j n — 1 .4 



graphite 



co scans 
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Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 

r min = 0.563, r max = 0.808 k = -15->ll 

19582 measured reflections / = -25^25 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.052 
wR(F 2 ) = 0.132 
S= 1.01 

7764 reflections 
415 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[o 2 (F 2 ) + (0.0532P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap ma x = 0.87eA- 3 
Ap mi „ = -0.98eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression ofF 2 > o(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


TJ- *ITJ 


Pd 


0.22914 (2) 


0.92402 (3) 


0.419184(18) 


0.01789 (11) 


Br 


0.12499 (4) 


0.89245 (4) 


0.29305 (3) 


0.03315 (16) 


PI 


0.20103 (9) 


1.11231 (10) 


0.39822 (6) 


0.0196 (3) 


P2 


0.23800 (8) 


0.73438 (10) 


0.44478 (6) 


0.0193 (3) 


Nl 


0.3674 (4) 


0.9979 (4) 


0.6421 (2) 


0.0379 (12) 


N2 


0.4851 (3) 


0.9595 (4) 


0.5908 (3) 


0.0399 (12) 


CI 


0.3223 (3) 


0.9531 (4) 


0.5168 (2) 


0.0203 (10) 


C2 


0.4173 (3) 


0.9424 (4) 


0.5278 (3) 


0.0278 (12) 


H2 


0.4355 


0.9215 


0.4881 


0.033* 


C3 


0.4553 (4) 


0.9840 (5) 


0.6442 (3) 


0.0414 (15) 


H3 


0.5026 


0.9928 


0.6899 


0.050* 


C4 


0.3027 (4) 


0.9829 (4) 


0.5762 (3) 


0.0267 (11) 


H4 


0.2385 


0.9941 


0.5712 


0.032* 


C5 


0.2605 (3) 


1.2118(4) 


0.4690 (2) 


0.0223 (10) 
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C6 


0.3583 (3) 


1.2133 (4) 


0.4915 (3) 


0.0260(11) 


H6 


0.3907 


1.1635 


0.4708 


0.031* 


C7 


0.4086 (4) 


1.2873 (4) 


0.5441 (3) 


0.0307 (12) 


H7 


0.4754 


1.2876 


0.5596 


0.037* 


C8 


0.3617(4) 


1.3609 (5) 


0.5739 (3) 


0.0326 (13) 


H8 


0.3965 


1.4115 


0.6100 


0.039* 


C9 


0.2654 (4) 


1.3611 (4) 


0.5517(3) 


0.0316(13) 


H9 


0.2334 


1.4118 


0.5722 


0.038* 


CIO 


0.2140 (4) 


1.2861 (4) 


0.4986 (3) 


0.0277 (11) 


HIO 


0.1472 


1.2864 


0.4830 


0.033* 


Cll 


0.0758 (3) 


1.1278 (4) 


0.3800 (2) 


0.0203 (10) 


C12 


0.0392 (3) 


1.1108(4) 


0.4351 (3) 


0.0257(11) 


H12 


0.0809 


1.1015 


0.4829 


0.031* 


C13 


-0.0575 (4) 


1.1071 (4) 


0.4209 (3) 


0.0306 (12) 


H13 


-0.0818 


1.0973 


0.4589 


0.037* 


C14 


-0.1174 (4) 


1.1178(4) 


0.3517 (3) 


0.0307 (12) 


H14 


-0.1835 


1.1135 


0.3417 


0.037* 


C15 


-0.0831 (4) 


1.1347 (4) 


0.2967 (3) 


0.0316(12) 


H15 


-0.1255 


1.1432 


0.2490 


0.038* 


C16 


0.0137(4) 


1.1395 (4) 


0.3100 (3) 


0.0282 (12) 


H16 


0.0371 


1.1507 


0.2717 


0.034* 


C17 


0.2291 (3) 


1.1726 (4) 


0.3237 (2) 


0.0220 (10) 


C18 


0.1997 (4) 


1.2801 (4) 


0.3004 (3) 


0.0343 (13) 


H18 


0.1589 


1.3190 


0.3196 


0.041* 


C19 


0.2303 (5) 


1.3305 (5) 


0.2486 (3) 


0.0438 (16) 


H19 


0.2102 


1.4036 


0.2326 


0.053* 


C20 


0.2897 (4) 


1.2739 (6) 


0.2209 (3) 


0.0441 (16) 


H20 


0.3108 


1.3083 


0.1859 


0.053* 


C21 


0.3181 (4) 


1.1688 (6) 


0.2435 (3) 


0.0430 (15) 


H21 


0.3588 


1.1304 


0.2240 


0.052* 


C22 


0.2884 (4) 


1.1175 (5) 


0.2944 (3) 


0.0310(12) 


H22 


0.3087 


1.0441 


0.3095 


0.037* 


C23 


0.3086 (3) 


0.6555 (4) 


0.4031 (3) 


0.0200 (10) 


C24 


0.3176 (3) 


0.6939 (4) 


0.3389 (3) 


0.0234 (11) 


H24 


0.2923 


0.7641 


0.3201 


0.028* 


C25 


0.3631 (3) 


0.6297 (4) 


0.3030 (3) 


0.0272 (11) 


H25 


0.3677 


0.6554 


0.2590 


0.033* 


C26 


0.4019 (3) 


0.5289 (4) 


0.3304 (3) 


0.0284 (12) 


H26 


0.4325 


0.4850 


0.3050 


0.034* 


C27 


0.3962 (4) 


0.4918(4) 


0.3948 (3) 


0.0300 (12) 


H27 


0.4246 


0.4233 


0.4145 


0.036* 


C28 


0.3497 (4) 


0.5535 (4) 


0.4304 (3) 


0.0274 (11) 


H28 


0.3453 


0.5267 


0.4742 


0.033* 


C29 


0.2855 (3) 


0.6946 (4) 


0.5396 (2) 


0.0212 (10) 


C30 


0.2263 (4) 


0.6664 (4) 


0.5774 (3) 


0.0276 (12) 


H30 


0.1603 


0.6619 


0.5532 


0.033* 


C31 


0.2627 (4) 


0.6449 (4) 


0.6502 (3) 


0.0345 (13) 


H31 


0.2216 


0.6261 


0.6757 


0.041* 


C32 


0.3587 (5) 


0.6506 (4) 


0.6860 (3) 


0.0387 (15) 
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ri3Z 


U.3530 


a &ia *7 
U.o.34 / 




0.7358 




a r\A&* 
U.U4o 




C33 


a a 1 ci 
U.4153 (4) 


U.o lyj (4) 




0.6493 (3) 


A f\1£. 1 /1 A\ 

U.Uiol (14) 




H33 


a /i o a 1 
U.4841 


A £QAC\ 




0.6741 




a c\a i * 
U.U43* 




C34 


U.3ozo (4J 


U. /UU / (4) 




0.5763 (3) 


U.UZ /I (11) 




H34 


A /lO A 1 

U.4241 


a *7 1 m 

U. / lyi 




0.5511 




a An * 
U.U32* 




C3 J 


U. 1Z3U (3 J 


U.OOOJ (4) 




0.4145 (2) 


U.UZ1U (1U) 




C36 


a 1 1 1 n i A\ 
U.lll / (4) 


n c rci f a\ 
U.jjM (4) 




0.4014 (3) 


U.U3ZU (1Z) 




ri3o 


a i /;c/i 
U. 1oj4 


U.J 1U4 




0.4062 




r\ me* 
U.Ujo 




C3 / 


A ATI Q 

U.U238 (4) 


U.jUoZ (j) 




0.3814(3) 


U.U4Uj (14) 




Hi 1 


A A 1 
U.UlOO 


U.4Zo / 




0.3720 




u.U4y^ 




C38 


-0.0542 (4) 


0.5725 (6) 




0.3752 (3) 


0.0434 (16) 




H38 


-0.1150 


0.5399 




0.3615 




0.052* 




C39 


-0.0443 (4) 


0.6833 (5) 




0.3887 (3) 


0.0382 (14) 




H39 


-0.0980 


0.7273 




0.3849 




0.046* 




C40 


0.0440 (3) 


0.7326 (5) 




0.4079 (3) 


0.0295 (12) 




H40 


0.0504 


0.8103 




0.4166 




0.035* 




Atomic displacement parameters 


(A 2 ) 














U u 


U 


t/ 33 




U n 




U 


Pd 


0.02109 (19) 


A A 1 A{*Z { A A\ 

U.U140J (19) 


0.01659(18) 


0.00208 (14) 0.00463 (14) 


U.UUUU3 (1 3) 


Br 


0.0432 (3) 


U.Uz4v (3 ) 


0.0245 (3) 


0.0058 (2) 


0.0025 (2) 


r\ r\r\ i q 

u.uuiy (Z) 


PI 


0.0242 (6) 


A AI CQ 


0.0184 (6) 


0.0005 (5) 


0.0068 (5) 


U.UUU3 (j ) 


P2 


0.0209 (6) 


A A 1 "7T 
U.U1 1 Z (0 j 


0.0190 (6) 


0.0009 (5) 


0.0057 (5) 


A AAA 1 fz\ 

— U.UUU1 (j) 


Nl 


0.051 (3) 


A A1 O f1\ 

U.U36 (3 ) 


0.023 (2) 




-0.005 (2) 


0.010(2) 


— U.UUo (Z ) 


N2 


0.034 (3) 


A A/1 £ 

U.U40 (3 ) 


0.035 (3) 




-0.009 (2) 


0.005 (2) 


U.UUZ (Z) 


CI 


0.026 (3) 


A A1 T (0\ 

U.Ulz \Z) 


0.021 (2) 




-0.0011 (19) 0.007 (2) 


U.UU3 / (IV) 


C2 


0.022 (3) 


A A1£ 

U.U30 {j ) 


0.024 (3) 




0.001 (2) 


0.007 (2) 


— U.UU1 (Z) 


C3 


0.043 (4) 


A A/1 £ i A\ 

U.U40 (4) 


0.026 (3) 




-0.015 (3) 


-0.001 (3) 


A AAA f1\ 

U.UUU {3 ) 


C4 


0.027 (3) 


A ai /: 

U.Ulo y$) 


0.038 (3) 




-0.002 (2) 


0.012(2) 


A AAQ 

U.UU3 (Z) 


C5 


0.034 (3) 


a ai /; (o\ 
U.Ulo \Z) 


0.017(2) 




-0.001 (2) 


0.007 (2) 


A AA1 

U.UU1 (Z) 


C6 


0.027 (3) 


A ATT /"JA 

U.UZ 1 (i) 


0.026 (3) 




0.000 (2) 


0.011 (2) 


U.UUZ (Z) 


C7 


0.031 (3) 


u.uzy {j ) 


0.028 (3) 




-0.009 (2) 


0.005 (2) 


A AA1 fy\ 

U.UU3 (Z) 


C8 


0.046 (3) 


A AT 1 /I \ 

U.U31 (3) 


0.022 (3) 




-0.016(3) 


0.013(3) 


A AAO 

U.UU5 (Z ) 
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